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Abstract

Drinking water supply in the household consumption sector has always been Received: 21 January 2021
emphasized due to its direct impact on human health. One of the common Accepted: 20 July 2021
methods to reduce soluble solid pollutants that is used in many parts of the Page Number: 7-21

country, is the use of household water purifiers. Despite the usefulness of
filters in these devices which need to be replaced at regular intervals, they
waste 70-80% of piped water by transferring it to sewage due to their
mechanism of action based on reverse osmosis. In contrast, there are solar
distillation systems that produce distilled water using solar energy. The use of
solar distillation systems has a high potential to provide quality drinking
water for sparsely populated areas and hot weather due to its prevention of Keywords:
water loss, easy use and long life. The purpose of this research was to Solar Distillation,
Techno-economic study the use of household water purifiers and solar
distillation system to achieve quality and potable water in homes, as well as
to analyze the sensitivity of water cost, operating cost and increase the initial : )
fixed cost. The results show that despite the higher initial cost of the solar Total Dissolved Solids
distillation system, the cost of using these systems in the long run is more
economical, and the water loss for these systems can be ignored.
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Figure 1. Percentage of the daily distribution per water
consumption in the household sector.

Sk sz GSUSS Gloel, 5l coisS b Gaelal O gy 5
ol dial (eSS L e yol slo ST 5l 5 Gane O
Bolicul Lol Coins 51 s By .l g, ,9aS 3bla
SHto Il (sl o J& 5 o g 4z oy lag ] 5l pglas
o) 5l emiS b Sawelsl] O el g 5l ool azils o o 1,
ol alis; 5L 9 YU e Jdody 60t Syl Jlasl ass
Slg 9 S90Sl &5 el (S0 50 9 Sl anpan gunl B
03,5 IS tie s |y 0l ol szl e 0l T o Jsloes
3O POy u}l.'a.c )l&Ql) as J:u)o A.M LSLQQ’”B) )‘ ‘;; el
S S o] slaoliws 5l sslital woedl 58 bl il
58 el O o Jgdme ol dlge 2ol § (o5l s sl

St 5l ey ol (i die) 10 (55l b ;0 &S Lhagy

oo .)

oo ha Sl 55 (il Slegoge | (Ko a0l Gl
S0 XNl o mle Sl dage (5155 b s
Lagl am 5o wslazs 3518 O plion (oo 50 oo Comex
Ol s VL Ty 3T ot 5 ailn sl Balais o 525 1Y
LolSass (0,00 1) pylaz &5, oo cpl o olplaS ails |, O
3929 9 (FlwSid quall j ot 5l (2B 1) 39250 @29 olox]
A 4 )LSG el W3 sy o0 Sl AS (50,0 ild e Lo 25
D lecul o3 in ol se2g Jslse 51 (So vl @lio Cu o
Sl Lk sl 45 pla Sy o2t 5 e plyrea
ol Ghli8 sl T (9al LS s 095 00 03500
iy b [V el satT slaJlo (b 5o ol mlis o
5 (m,9) "ol e Ll DAAD Jls s ase Jbe ool
el abie copas (ol (5, (Loli) "ouisS S pae slaos "
O 59 59; y 50 ol &l B e .[\“]a”@ ey
SBran 9o (V) YK 50 gl e 08 (e x VO (S
(V) ISt ol s sl 00 o0ls Lt alizes (slo ey &3,
P R S R BLYT R P ICE PRV R R U
Slagisy kol s lagisy ol dFlog oo 005 (rass
RETSTIERIENVOUIA PN RCHIVI SR INPUDT ST BIE < ESNE JOON
ol

Gras g Sy 5 Gnald] (i 10 o5 laoais¥T (e |l
Jolis Vg ane a8 el Jodoo Slacal> 1S Cunl jige S5
Wl slagygsl g o el (o jete qoeedS Slagyesls
olesbs (bl ol 5 iy wol IS wla S o900
"o lacalr S sl Gdy B 3 il Sl culage
Ol ol e ez STeceul 00 S dlel i) 5 0 S oo Ve e
Ll il oy e piy Jls ol Jlaie ol aS sus el
ol Ol aS 00 sl WHO (s,155 jo .ol <glicie wilg o
S ke Yoo 3 TDS s T o e am 4o oIS sl
5 535 re Bblie Gyzp j5iS Bblie (S o [Flowl

S (gyeh Judody poye laails 4 (5395 (60 o (s>

5. Total Suspended Solid (TSS)

1. World Resources Institute (WRI)

2. Middle East and North Africa (MENA)
3. World Health Organization (WHO)

4. Total Dissolved Solid (TDS)
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Figure 2. Inlet and outlet streams in RO membrane.
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Figure 4. Schematic of a Household Water Purifier.
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Figure 3. Official statistics of water purifier imports during the
years between 2009-2017.

SB O Aiar selsiuws 31 soliiwl sl cuwls \-Y
Oleiz wd )08 e (Lol St (S Ol Lia slaailels o
s S 0T ha slaaslels (L2l a5 onds 550 el O]
39y5 2 sl 5 we,n Yo LY glis p ugSixs ol
Wb 7Y Sl e a5 @S (23 ST I a0
Olod Vo o 5l adly jo e catls algs dgmg ) yam LA
g 4 Ol A 3530 5y (S O Ly olfiws 4y a5 )]
Csd Ay 00isdnd ) Ol Olomedn Hlad ¥ g5 g 0ad g0 adsd
sals i S O Lba olfiws 815> ,b illae 15 sy oo
S g (e (29> bl i Lz (F) U8 )3 ead

Dei so s Olug 3l 4y (gusie solatul
3B (S O slaelSiws YL cd)50 8 lime 9925L

Sladlple a Ldsas Laa Vi cpl oS el ools lis Slalllae

Iranian Chemical Engineering Journal - Vol. 20 - No. 119 (2022)



(S0 s olSins glgil 1-¥
5 Jled slrolSiws (IS &iws 90 a4y (gaud o5 i sbaolSiws
@) US55 45 aigFolan g o iz JUsb ek
iy &5l ol ,o a8 olaelfws ol oas eols ylis
ois g5 5l b go (sl bl dnds 4 e jsboay
otal38l sl sl @50 Ol 50 4 aleolSiws 5 col Jld el
£ wo5bion s Jlab . slodlSims by & i £
el o) e ol il (0 -(0) JS2) Jlab (sloelSis
S35 ondy 93 SrodiiS 3 peie willgi o0 5 W)lo Sglie

DVlaial ope 5 01 50>

(&)

Solar radiation

loo 25z 5ds Al mha 4 (500d )53 slagiy iz Ao o
(Sl o L 8555 51 Gy 2 5150 0l g oo s
&5laer oaba s (e g b ] (6, 5l i il
ssbateany ail o pes Ll )0 g 05 Boe )l ke O
L gt a5l )y &8y wiz o oS o 5l 65 ol
S Geisas o sl yo ool Ses L5 o,ls (63g,9 o]
72 il Vaane g 5 & w5 IS @ azpliz ailale ol
WS e a5 50 ylake ST LI YL Y s e 52
oo oliiul ©j50 50 15 WelRiws (nl jee Job iz e

DTy 56 JLo YO b ol S 5 el 0L

Glass

Blackened surface

Basin
T s -I — G rO u n ﬂ a
0 Solar Radiation \
Distillate output
Excess water
SOIAr T i asenaiemisanso nro
Radiation e T
\ Flat plate Insulated
Collector pipe
b

Jlad (b) Jlad jaf (2) guaadiij9a yaladi ol&iiuy O S
Figure 5. Solar Distillation Systems (a) Passive (b)Active.

(1€=+) 03595 9 340 0 laskh — iaansy JUw — Oyl (Foutds w0 diuo &g i




V-Y) i oo — o) Ko g (g0

e CaabB L (g3ud )95 pubaidi sladibolu jl oslawl (golaiBl g S8 w2

e Slge Llas g3 a4 (S i blie yo Y Tagas solianal
aie slacl sa e (g3le dars g aiyls o)lal Saelsl Ol jo
5 m2iake Dl )S eendS jladie JBl s> @y oliiws 1) sy

I¥y Tsssls oo p3¥ ot

‘_g.bba.’ié| )y ¥
)A.hﬂ) aloloo 9 sixl} usdf.wui oo P )‘ 6;\) 3.,.,..>
o Lccul SO el eolanul golai8l i)l 4 dax g (g, e>
Gz 508 2 sl Ol Ve JIO A5, Bras 6,5,
S 0,5 o8 Gles e 0, O L F Solgils SO (6l ol 3 pao
Sl [ casS 0 B e ;fl};Q Ve alyg, (Xl jebas colgils
Sl o .| d Ve &lyg,y dtal b golaidl ol
Slolw £93 9 éb u—‘ :L.d._«a.) LI Jj‘ R ey P D90
Dydse dumlie ma b by, 9 solaidl

[ s . o T . ..
Slbes d3a g adgl coli dnje lal )b 90 (o) 2 solaieds
5 (V) iz 5o (S5 ol ddad olws (eiie 5 <uli &y 30)
0ols 7 (69,50 Dyq0d (V) Jgdo ;0 (g0l ,95 ,ulads &iloles
s pymye G ys5 bl Blalos 0,5 a5 Sl 51098 oo
IRy L,;{L'?Q—l 5o )l g g eolRig )8 4o Q—l Slp e 1Y
VY Gl O S Ve ailis) adg sl o (b A5
sl o ey Sod iz e ool 00l Bl pgitegll 55
o ai olSiws dgs kgl).g):‘;l).x g 00 Jlogl 5Lo 0550 a5 ylg
asd 3 o ol s colv s (b sl lause ot )s>
ul_..usu]d)_.a.c g0 u,ul_w‘)Jg.j JJ),’> :\.u)Cb ol 00
s;z—u‘ﬁd_wd_d;)'a))ég_&'&n)m)@ts‘ﬁkjb)f/?“ LS)'Q”"’
ol8ud 50 (53959 2l ) yum aops Ae (185 IS o b iz e
),u.] YO )L)..?Lo somw u]r.JYl' P Lgl)g L;Al} u] Q.M
ol 00l c)l...J u."ﬂb (\) JBD ) FLI )Lu Sy90 UT

sloas b olgi o 0ol ool Gisled |8 Jguz 90,0 a5 axly

S 95 el )3 0adh udgi ko T V-Y
LgL:b)Ja.a.a uT dilen 9 u_.w‘)!l.: )LMMJ OMA.JBA )Ja.c.a u] 09917
VA S5 a5 silisgmr Lo laiie T ) 105 8 oo s (5,18
9 03l B g5l 5l Sl aile G (gsd o5 slailels ol
S9—=>9 u_!.u.]o B 42;] dles ‘..\.H.S‘SA oolaiwl LSy.M.]a ué.wéxl.a
S s i &y PH Gezpn (s3ddg O (olss 50 (g o
L pH Jhie Of el sl iliss g5k 51 soliul a5 59w
ooled 45 5,05 sund o5 b slaailele [VFams o zals
O—=p—2 olag Sl ) slmoa YT g Lacs o
Sl o0y Sl oS Bis 1) 0 pé 5 IS¢ para g S
Sk g ol e 3 Gaedye el slaailbls I (S oS
tio oled jlazliz g 05yel caws a4 gawelsl Ol uiilg o
Q978 oilgi e 055 (5ol olS by slaie T L osgll ]

DEIS o 5l ST 5o 09250 slags 5SL ws o
Sl Ol plgisay Jlie O 51 a5 W lahy oo iz 23,0 pses
39 63l L Mgy ) goudiys3 (6551 besls 10,8 snliil ayLs
5 A0l o Corod] 355 oDl 4y jlewy a5 atils BN S8
ol B an dy g, gladlaie Silag .l slao] B pao sla
P JU: pJU T RLIVPN-PRN P 5 IR -] I L Sve) K g 259
Syeme 55 Lgpu,T olzils 517 lige,ail 25 i on [V 8] 5
Sass o000 L o a5 0iS o ylo cpiz Slalie O 5l eslazul
sliel 55 050 ,5 sod B pas |y codaias ¢ jhie Ol aS 0o,
Lo 4 55y 5m0 o sl 00l a8 )1 51 Goms kel &S il
Do i lye 511, ame Slse (Sl ke a5y
oeelsT T 5l onlial lgs wuiS oo il yo Slory s 5 LS
5 Lo om acblas ol o yigs OF cpl .l o310l o odbashas
S Lgb_o é)f)k? a5 Cewd @LaoMYTj me.w 39,9 )..l‘ﬁ
Sl glite slaelEas @dly yo [VFlean] o Dl 4 Ll
45 aakine (o tl 0a b yb)l5 S daie O 5l eolan il
ool hie O 51 b slaialosl sl 45 a555lon

Sy Ol 5l g 0,8 iz b 5 093 (edls (s w09 o0

5. Fixed Capital Investment (FCI)
6. Operating Cost
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Table 1. Total capital investment for household water purifiers.

Fixed Capital Investment (FCI)

Equipment 42,500,000 Rials

Sum 42,500,000 Rials
Filter 1 1,200,000 Rials/year
Filter 2 1,200,000 Rials/year
Filter 3 1,200,000 Rials/year
Filter 4 1,250,000 Rials/year
Filter 5 450,000 Rials/year
Filter 6 500,000 Rials/year
Filter 7 1,200,000 Rials/year
Electricity 200,000 Rials/year
Water (150 L/day) 251,850 Rials/year
Sum 7,451,850 Rials/year
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Table 2. Total capital investment for solar distillation systems.

Item

Price Unit

Fixed Capital Investment (FCI)

Glass
Aluminum
Pump

Storage tank (200 L)

Construction & Installation
(20 % sum above)
Sum

Electricity
Water (150 L/day)

Sum

4,200,000 Rials
25,200,000 Rials
16,500,000 Rials

5,140,000 Rials
10,208,000 Rials
61,248,000 Rials

Operating Cost

200,000 Rials/year
50,370 Rials/year
250,370 Rials/year
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5. Internal Rate of Return
6. Pay Back Period
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1. Net Present Value (NPV)

2. Internal Rate of Return (IRR)
3. Pay Back Period (PBP)
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Table 3. Summary of capital cost and calculation of economic indicators.

Solar distillation

Household water
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systems purifiers
Capacity 30 30 L/day
Fixed Capital Investment (FCI) 61,248,000 42,500,000 Rials
Operating Cost 250,370 7,451,850 Rials/year
Income (value of treated water) 17,520,000 17,520,000 Rials/year
Cost Price (CP) 23 681 Rials
Internal Rate of Return (IRR) 28 24 %
Pay Back Period (PBP) 3.5 4.2 year
Net Present Value (NPV) 111,448,300 58,181,500 Rials
120
3
100 ®-Household Water Purifiers -&—Solar Distillation Systems
- 80
=
~ 60 ]
=
g
= 40
&
220
=]
@]
= -
&
2 Qo
S .
= @0 L
(60) 4
(80)
0 1 2 4 5 6 7 8 10
Year

W9y 99 Al Ol delie Hlogad £ ISk

Figure 6. Comparison of the cash flow diagram for two methods.
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Figure 7. Cash flow for household water purifiers.
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Figure 8. Cash flow for solar distillation systems.
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Figure 9. IRR calculation diagram for household water purifiers.
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Figure 10. IRR calculation diagram for solar distillation systems.
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Figure 11. Sensitivity analysis on the rate of return for household water purifiers.
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Figure 12. Sensitivity analysis on the rate of return for solar distillation systems.
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